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(57) ABSTRACT

An electrolyte for a lithium ion battery includes a non-aque-
ous organic solvent and a lithium salt. The non-aqueous
organic solvent includes a flame-retardant solvent and a car-
bonate-based solvent. The flame-retardant solvent includes
an ionic liquid including a fluorinated cation and a phospho-
rus-based solvent.
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ELECTROLYTE FOR LITHIUM ION
BATTERY, AND LITHIUM ION BATTERY
INCLUDING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0108661 filed in the
Korean Intellectual Property Office on Nov. 3, 2010, the
entire contents of which are incorporated herein by reference.

BACKGROUND

1. Field

Provided is an electrolyte for a lithium ion battery and a
lithium ion battery including the same.

2. Description of Related Art

Lithium rechargeable batteries have recently drawn atten-
tion as power sources for small, portable electronic devices.
They use organic electrolyte solutions and therefore have
twice the discharge voltage of conventional batteries using
alkali aqueous solutions, and accordingly have high energy
densities.

Lithium ion batteries are classified into lithium ion batter-
ies, lithium ion polymer batteries, and lithium polymer bat-
teries depending on the separator and the electrolyte. Their
shape may be cylindrical, prismatic, coin-type, or the like.

The lithium ion battery may include a lithium salt and an
organic solvent as an electrolyte solution. The organic solvent
may be a 2 to 5 component-based solvent including a cyclic
carbonate such as ethylene carbonate, propylene carbonate,
and the like, and a linear carbonate such as dimethyl carbon-
ate, ethylmethyl carbonate, diethyl carbonate, and the like.
However, carbonate-based organic solvents have safety prob-
lems.

SUMMARY OF THE INVENTION

Some embodiments of the present invention provide an
electrolyte for a lithium ion battery that is capable of improv-
ing battery characteristics as well as improving battery safety.

In some embodiments, a lithium ion battery includes the
electrolyte.

According to still other embodiments of the present inven-
tion, an electrolyte for a lithium ion battery includes a non-
aqueous organic solvent and a lithium salt. The non-aqueous
organic solvent includes a flame-retardant solvent and a car-
bonate-based solvent. The flame-retardant solvent includes
an ionic liquid including a fluorinated cation and a phospho-
rus-based solvent.

The ionic liquid including a fluorinated cation may include
a cation represented by the following Chemical Formulae 1 to
8.

Chemical Formula 1

()

N
/\

R R

In Chemical Formula 1, R; may be a fluorine-substituted C1
to C5 alkyl group or an unsubstituted C1 to C5 alkyl group. R,
may be a C1 to C5 alkyl group in which at least one hydrogen
is substituted with fluorine.
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Chemical Formula 2

()

NI
~
—0—R.
Rl/ R4 5

In Chemical Formula 2, each of R, and R may be indepen-
dently selected from fluorine-substituted C1 to C5 alkyl
groups and unsubstituted C1 to C5 alkyl groups. R, may be a
fluorine-substituted C1 to CS5 alkylene group or an unsubsti-
tuted C1 to CS alkylene group. At least one of R, or Ry
includes a group in which at least one hydrogen is substituted
with fluorine.

()

AN
Rs Ry

Chemical Formula 3

In Chemical Formula 3, R may be a fluorine-substituted C1
to C5 alkyl group or an unsubstituted C1 to C5 alkyl group. R,
may be a C1 to C5 alkyl group in which at least one hydrogen
is substituted with fluorine.

()

N*
/
Rg

Chemical Formula 4

Rg—O—Ryg

In Chemical Formula 4, each of Rg and R, , may be indepen-
dently selected from fluorine-substituted C1 to C5 alkyl
groups and unsubstituted C1 to C5 alkyl groups. R, may be a
fluorine-substituted C1 to CS5 alkylene group or an unsubsti-
tuted C1 to C5 alkylene group. At least one of R, or Ry,
includes a group in which at least one hydrogen is substituted
with fluorine.

Chemical Formula 5

In Chemical Formula 5, each of R;; to R,; may be indepen-
dently selected from fluorine-substituted C1 to C5 alkyl
groups and unsubstituted C1 to CS alkyl groups. R, may be
a Cl1 to C5 alkyl group in which at least one hydrogen is
substituted with fluorine.

Chemical Formula 6

Rig—N'—R;3—O0—Ryo

Ry
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In Chemical Formula 6, each of R 5 to R, and R, may be
independently selected from fluorine-substituted C1 to C5
alkyl groups and unsubstituted C1 to C5 alkyl groups. R4
may be a fluorine-substituted C1 to C5 alkylene group or an
unsubstituted C1 to C5 alkylene group. At least one of R, or
R, includes a group in which at least one hydrogen is sub-
stituted with fluorine.

Chemical Formula 7

)

N N
RZ{ \/ \R21

In Chemical Formula 7, R,, may be a fluorine-substituted C1
to C5 alkyl group or an unsubstituted C1 to CS5 alkyl group.
R,, may be a C1 to C5 alkyl group in which at least one
hydrogen is substituted with fluorine.

Chemical Formula 8

)

N, N7
~
RZ{ \/ Ry3—O0—Ry

In Chemical Formula 8, each of R,, and R, may be indepen-
dently selected from fluorine-substituted C1 to C5 alkyl
groups and unsubstituted C1 to C5 alkyl groups. R, may be
a fluorine-substituted C1 to C5 alkylene group or an unsub-
stituted C1 to CS5 alkylene group. At least one of R,, or R,
includes a group in which at least one hydrogen is substituted
with fluorine.

The ionic liquid including the fluorinated cation may also
include an anion represented by one of the following Chemi-
cal Formulae 9 to 14.

Chemical Formula 9
F O O F
|l |
F—C—8§—N—8—C—F
|l |
F O O F
Chemical Formula 10
F F O O F F
[ | I
|1 |
F F O F F

Chemical Formula 11

Chemical Formula 12

Chemical Formula 13
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-continued
Chemical Formula 14

O\ F
-~
B

/ >F
o o

The phosphorus-based solvent may include a phosphate-
based compound or a phosphazene-based compound. Non-
limiting examples of suitable phosphate-based compounds
include trimethylphosphate (TMP), triethyl phosphate
(TEP), tripropylphosphate (TPP), tricresyl phosphate (TCP),
trixylenyl phosphate (TXP), and combinations thereof. Non-
limiting examples of suitable phosphazene-based com-
pounds include hexamethoxycyclotriphosphazene, fluori-
nated cyclotriphosphazene, and combinations thereof.

At least one hydrogen atom of the phosphorus-based sol-
vent may be substituted with at least one fluorine atom.

The carbonate-based solvent may include at least one of a
linear carbonate-based solvent or a fluorinated cyclic carbon-
ate-based solvent. Nonlimiting examples of suitable linear
carbonate-based solvents include dimethyl carbonate
(DMCQ), diethyl carbonate (DEC), dipropyl carbonate (DPC),
methylethyl carbonate (MEC), methylpropyl carbonate
(MPC), ethylpropyl carbonate (EPC), and combinations
thereof.

Nonlimiting examples of suitable fluorinated cyclic car-
bonate-based solvents include compounds represented by the
following Chemical Formula 15.

Chemical Formula 15

In Chemical Formula 15, each of R, and R, may be inde-
pendently selected from hydrogen, halogens, cyano groups
(CN), nitro groups (NO,), and C1 to C5 fluoroalkyl groups,
provided that at least one of R,5 and R, is a C1 to C5
fluoroalkyl group.

The non-aqueous organic solvent may include the flame-
retardant solvent in an amount of about 20 volume % to about
50volume %, and may include the carbonate-based solvent in
an amount of about 50 volume % to about 80 volume %. In
some embodiments, for example, the non-aqueous organic
solvent may include about 20 volume % to about 50 volume
% of'the flame-retardant solvent, about 40 volume % to about
75 volume % of the linear carbonate-based solvent, and about
5 volume % to about 10 volume % of the fluorinated cyclic
carbonate-based solvent.

According to another embodiment of the present invention,
a lithium ion battery includes the electrolyte for a lithium ion
battery, a positive electrode including a positive active mate-
rial that reversibly intercalates/deintercalates lithium ions,
and a negative electrode including a negative active material
that reversibly intercalates/deintercalates lithium ions.

Since the electrolyte for a lithium ion battery according to
embodiments of the present invention has low volatility, vis-
cosity and self-extinguishment, a lithium ion battery includ-
ing the electrolyte has good flame retardancy, good high
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temperature storage characteristics, good high rate charge
and discharge characteristics, and good cycle-life character-
istics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a rechargeable lithium
battery according to an embodiment of the present invention.

FIG. 2 is a photograph of the results of a flame retardancy
experiment conducted on a lithium ion battery prepared
according to Example 1.

FIG. 3 is a photograph of the results of a flame retardancy
experiment conducted on a lithium ion battery prepared
according to Comparative Example 1.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The present invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention.

According to embodiments of the present invention, an
electrolyte for a lithium ion battery includes a non-aqueous
organic solvent and a lithium salt. The non-aqueous organic
solvent includes a flame-retardant solvent and a carbonate-
based solvent. The flame-retardant solvent includes an ionic
liquid including a fluorinated cation and a phosphorus-based
solvent.

The non-aqueous organic solvent serves as a medium for
transmitting ions taking part in the electrochemical reaction
of the battery.

The ionic liquid including the fluorinated cation (which is
included in the non-aqueous organic solvent) may include a
cation represented by one of the following Chemical Formu-
lae 1 to 8.

()

N
/\

Ry R

Chemical Formula 1

In Chemical Formula 1, R; may be a fluorine-substituted C1
to C5 alkyl group or an unsubstituted C1 to C5 alkyl group. R,
may be a C1 to C5 alkyl group in which at least one hydrogen
is substituted with fluorine.

()

N*
Ry—O—Rs

Chemical Formula 2

R3

In Chemical Formula 2, each of R; and R, is independently
selected from fluorine-substituted C1 to CS5 alkyl groups and
unsubstituted C1 to CS5 alkyl groups. R, may be a fluorine-
substituted C1 to C5 alkylene group or an unsubstituted C1 to
CS5 alkylene group. At least one of R, or R includes a group
in which at least one hydrogen is substituted with fluorine.
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Chemical Formula 3

()

N*
/\
Rs Ry
In Chemical Formula 3, R, may be a fluorine-substituted C1
to C5 alkyl group or an unsubstituted C1 to C5 alkyl group. R,

may be a C1 to C5 alkyl group in which at least one hydrogen
is substituted with fluorine.

()

/
Rg

Chemical Formula 4

Rg—O—Ryg

In Chemical Formula 4, each of R and R, may be indepen-
dently selected from fluorine-substituted C1 to C5 alkyl
groups and unsubstituted C1 to C5 alkyl groups. R, may be a
fluorine-substituted C1 to CS5 alkylene group or an unsubsti-
tuted C1 to C5 alkylene group. At least one of R, or Ry,
includes a group in which at least one hydrogen is substituted
with fluorine.

Chemical Formula 5

In Chemical Formula 5, each of R;; to R,; may be indepen-
dently selected from fluorine-substituted C1 to C5 alkyl
groups and unsubstituted C1 to CS alkyl groups. R, may be
a Cl1 to C5 alkyl group in which at least one hydrogen is
substituted with fluorine.

Chemical Formula 6

In Chemical Formula 6, each of R 5 to R, and R, may be
independently selected from fluorine-substituted C1 to C5
alkyl groups and unsubstituted C1 to C5 alkyl groups. R,
may be a fluorine-substituted C1 to C5 alkylene group or an
unsubstituted C1 to C5 alkylene group. At least one of R 5 or
R, includes a group in which at least one hydrogen is sub-
stituted with fluorine.

Chemical Formula 7
N NT
RZ{ \/ ~ Ry,

In Chemical Formula 7, R,, may be a fluorine-substituted C1
to C5 alkyl groups or an unsubstituted C1 to C5 alkyl group.
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R,, may be a C1 to C5 alkyl group in which at least one
hydrogen is substituted with fluorine.

Chemical Formula 8

N. NI
~
RZ{ \/ Ryz—O0—Ry

In Chemical Formula 8, each of R, , and R, may be indepen-
dently selected from fluorine-substituted C1 to C5 alkyl
groups and unsubstituted C1 to CS5 alkyl groups. R,; may be
a fluorine-substituted C1 to C5 alkylene group or an unsub-
stituted C1 to C5 alkylene group. At least one of R,, or R,
includes a group in which at least one hydrogen is substituted
with fluorine.

The ionic liquid including the fluorinated cation may also
include an anion represented by one of the following Chemi-
cal Formulae 9 to 14.

Chemical Formula 9

Chemical Formula 10

O F F
[ 1|
F—C—C—S—N—S—C—C—F
|1l |
F F O O F F
Chemical Formula 11
F
F_ I|)_ _F
7| > F
F
. Chemical Formula 12
|
F—B—F
|
F
Chemical Formula 13
O, 0 0 (0]
\/
AN
0 o 0 0
Chemical Formula 14
0. 0
o
/ F
o (¢

The ionic fluid in the non-aqueous organic solvent may
include a combination of cations represented by Chemical
Formulae 1 to 8 and anions represented by Chemical Formu-
lae 9 to 14.

The ionic liquid including the fluorinated cation has good
flame retardant properties, low volatility and viscosity, and
good thermal stability. Thus, the ionic liquid imparts good
flame retardancy to the resulting lithium ion battery. In addi-
tion, the ionic liquid including the fluorinated cation sup-
presses internal pressure increases and swelling due to gas
generated from a volatilized solvent. Thus, the ionic liquid
improves high temperature storage characteristics. In addi-
tion, the ionic liquid has improved reduction resistance,
thereby improving battery performance characteristics.
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The phosphorus-based solvent may include a phosphate-
based compound or a phosphazene-based compound. Non-
limiting examples of suitable phosphate-based compounds
include trimethylphosphate (TMP), triethyl phosphate
(TEP), tripropylphosphate (TPP), tricresyl phosphate (TCP),
trixylenyl phosphate (TXP), and combinations thereof. Non-
limiting examples of suitable phosphazene-based com-
pounds include hexamethoxycyclotriphosphazene, fluori-
nated cyclotriphosphazene, and combinations thereof.

The phosphorus-based solvent has low viscosity and a high
dielectric constant, and is a self-extinguishable material that
selectively reacts with an active radical (such as R., H., and
the like). Thus, the phosphorus-based solvent substantially
prevents a combustion reaction. Accordingly, the phospho-
rus-based solvent may minimize the initial heat of decompo-
sition and thus substantially prevent the thermal runaway
phenomenon of the lithium ion battery.

At least one hydrogen in the phosphate-based compound or
phosphazene-based compound may be substituted with fluo-
rine. When the phosphate-based compound or phosphazene-
based compound includes fluorine (in place of hydrogen), the
electrolyte viscosity may be decreased, thus simultaneously
improving impregnating properties and flame retardancy.

The flame-retardant solvent may be included in an amount
ofabout 1 volume % to about 80 volume % based on the entire
volume of'the non-aqueous organic solvent. In some embodi-
ments, for example, the flame-retardant solvent may be
included in an amount of about 20 volume % to about 50
volume %. When the flame-retardant solvent is included in
amounts within these ranges, the electrolyte has improved
flame retardancy and impregnating properties, thereby
improving the cycle-life characteristics and capacity of the
resulting battery.

In addition, the ionic liquid including the fluorinated cation
and the phosphorus-based solvent may be included in the
flame-retardant solvent in a volume ratio ranging from about
50:50 to about 30:70. When these components are used in
amounts within this range, the electrolyte has improved flame
retardancy and the resulting battery has improved cycle-life
characteristics and capacity.

The carbonate-based solvent may include at least one of a
linear carbonate-based solvent or a fluorinated cyclic carbon-
ate-based solvent. The carbonate-based solvent may be
included in an amount of about 20 volume % to about 99
volume % based on the entire volume of the non-aqueous
organic solvent. In some embodiments, for example, the car-
bonate-based solvent may be included in an amount of about
50 volume % to about 80 volume %. Nonlimiting examples of
the linear carbonate-based solvent include dimethyl carbon-
ate (DMC), diethyl carbonate (DEC), dipropyl carbonate
(DPC), methylethyl carbonate (MEC), methylpropyl carbon-
ate (MPC), ethylpropyl carbonate (EPC) and combinations
thereof.

The linear carbonate has low viscosity and may decrease
the internal resistance of the battery, thereby improving high
rate and room temperature cycle-life characteristics.

The linear carbonate-based solvent may be included in an
amount of about 0 volume % to about 98 volume % based on
the entire amount of the non-aqueous organic solvent. In
some embodiment, the linear carbonate-based solvent may be
included in an amount of about 40 volume % to 75 volume %.
When the linear carbonate-based solvent is included in an
amount within this range, the electrolyte may have improved
substrate impregnating properties and thus improved battery
performance.
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The fluorinated cyclic carbonate-based solvent may
include a compound represented by the following Chemical
Formula 15.

Chemical Formula 15

Ras Ras

In Chemical Formula 15, each of R, and R, is indepen-
dently selected from hydrogen, halogens, cyano groups (CN),
nitro groups (NO,), and C1 to C5 fluoroalkyl groups, pro-
vided that at least one of R,5 or R, 4 is a C1 to C5 fluoroalkyl
group.

Nonlimiting examples of suitable compounds represented
by Chemical Formula 15 include difluoroethylenecarbonate
and fluoropropylene carbonate.

The fluorinated cyclic carbonate-based solvent may be
included in an amount of about 1 volume % to about 20
volume % based on the entire amount of the non-aqueous
organic solvent. In some embodiments, for example, the flu-
orinated cyclic carbonate-based solvent may be included in
an amount of about 5 volume % to about 10 volume %. When
the fluorinated cyclic carbonate-based solvent is included in
an amount within this range, it may form an optimized layer
between the negative electrode and the electrolyte solution,
thereby improving cycle-life and battery performance at high
temperatures.

The lithium salt is dissolved in an organic solvent and
supplies lithium ions in the battery, thereby enabling the basic
operation of the rechargeable lithium battery and improving
the transportation of lithium ions between the positive and
negative electrodes. Nonlimiting examples of the lithium salt
include supporting salts such as LiPF, LiBF,, LiSbF,
LiAsF,, LiN(SO,C,Fs),, Li(CF;S0,),N, LiN (SO,C,F;),,
LiCF,S0,, LiC,F,S80;, LiCsHsSO,, LiSCN, LiClO,,
LiAlO,, LiAICL, LIN(C,F,,, ,SO,)(C,F,,, ,SO,) (where x
and y are natural numbers), LiCl, Lil, and LiB(C,0,),
(lithium bisoxalato borate: LiBOB).

The lithium salt may be used in a concentration of about
0.1M to about 2.0M. When the lithium salt is included within
the above concentration range, the electrolyte may have opti-
mal conductivity and viscosity and thus enable good perfor-
mance and lithium ion mobility.

According to other embodiments of the present invention,
a lithium ion battery includes the electrolyte for a lithium ion
battery. The lithium ion battery may have a variety of shapes
and sizes, including cylindrical, prismatic, or coin-type bat-
teries, and may also be a thin film or rather bulky type depend-
ing on its size. Structures and fabricating methods for lithium
ion batteries pertaining to the present invention are well
known.

FIG. 1 is a schematic cross-sectional view of a lithium ion
battery according to embodiments of the present invention.
The lithium ion battery is not limited to the structure depicted
in FIG. 1, but rather may be fabricated into a variety of shapes
and types, including, but not limited to, prismatic types, coin
types, button types, laminated sheet types, flat types, cylin-
drical types, and the like. The battery can be suitably designed
by those of skill in the art based on the desired application.

Referring to FIG. 1, the rechargeable lithium battery 1
includes a battery case 5 including a negative electrode 2, a
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10

positive electrode 3, and a separator 4 between the positive
electrode 3 and the negative electrode 2. An electrolyte is
impregnated in the case 5, and a sealing member 6 seals the
battery case 5.

The negative and positive electrodes 2 and 3 may be fab-
ricated by forming a negative active material slurry (including
a negative active material) or a positive active material slurry
(including a positive active material) on a current collector.

The negative electrode may include a current collector and
a negative active material layer disposed on the current col-
lector. The negative active material layer includes a negative
active material.

The negative active material may include a material that
reversibly intercalates/deintercalates lithium ions, lithium
metal, a lithium metal alloy, a material capable of doping and
dedoping lithium, a material capable of reacting with lithium
ions to form a lithium-containing compound, or a transition
metal oxide. Nonlimiting examples of the lithium metal alloy
include alloys of lithium and at least one metal selected from
Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Si, Sb, Pb, In, Zn, Ba, Ra,
Ge, Al, and Sn.

Nonlimiting examples of the transition metal oxide, the
material capable of doping and dedoping lithium, and the
material capable of reacting with lithium ions to form a
lithium-containing compound include vanadium oxide,
lithium vanadium oxide, Si, SiO, (where 0<x<2), Si—Y
alloys (where Y is an element selected from alkali metals,
alkaline-earth metals, group 13 elements, group 14 elements,
group 15 elements, group 16 elements, transition elements,
rare earth elements, and combinations thereof, but Y is not
Si), Sn, SnO,, Sn-Q alloys (where Q is an element selected
from alkali metals, alkaline-earth metals, group 13 elements,
group 14 elements, group 15 elements, group 16 elements,
transition elements, rare earth elements, and combinations
thereof, but Q is not Sn), and mixtures thereof. In some
embodiments, at least one of these materials may be mixed
with SiO,. The elements Y and Q may be independently
selected from Mg, Ca, Sr, Ba, Ra, Sc, Y, Ti, Zr, Hf, Rf, V, Nb,
Ta, Db, Cr, Mo, W, Sg, Tc, Re, Bh, Fe, Pb, Ru, Os, Hs, Rh, Ir,
Pd, Pt, Cu, Ag, Au, Zn, Cd, B, Al, Ga, Sn, In, Ti, Ge, P, As, Sb,
Bi, S, Se, Te, Po, and combinations thereof.

The material that reversibly intercalates/deintercalates
lithium ions includes a carbon material. The carbon material
may be any carbon-based negative active material generally
used in lithium ion rechargeable batteries. Nonlimiting
examples of the carbon material include crystalline carbon,
amorphous carbon, and mixtures thereof. The crystalline car-
bon may be unshaped or sheet-, flake-, spherical-, or fiber-
shaped natural graphite or artificial graphite. The amorphous
carbon may be soft carbon, hard carbon, mesophase pitch
carbide, fired coke, and the like.

The negative active material layer may include a binder and
optionally, further includes a conductive material. The binder
improves the binding of the active material particles with one
another and the binding of the negative active material with
the current collector. Nonlimiting examples of the binder
include polyvinyl alcohol, carboxymethyl cellulose, hydrox-
ypropyl cellulose, diacetyl cellulose, polyvinyl chloride, car-
boxylated polyvinyl chloride, polyvinylfiuoride, ethylene
oxide-containing polymers, polyvinylpyrrolidone, polyure-
thane, polytetrafluoroethylene, polyvinylidene fluoride,
polyethylene, polypropylene, styrene-butadiene rubbers,
acrylated styrene-butadiene rubbers, epoxy resins, nylon, and
the like.

The conductive material is included to attribute conductiv-
ity to the electrode. It may include any electrically conductive
material, so long as it does not cause a chemical change.
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Nonlimiting examples of the conductive material include car-
bon-based materials (such as natural graphite, artificial
graphite, carbon black, acetylene black, ketjen black, carbon
fibers, and the like), metal-based materials (such as metal
powders, metal fibers, and the like, e.g., copper, nickel, alu-
minum, silver, and the like), conductive polymers (such as
polyphenylene derivatives), and mixtures thereof.

The current collector may be selected from copper foils,
nickel foils, stainless steel foils, titanium foils, nickel foams,
copper foams, polymer substrates coated with a conductive
metal, and combinations thereof.

The positive electrode includes a current collector and a
positive active material layer disposed on the current collec-
tor. The positive active material includes at least one lithiated
intercalation compound that reversibly intercalates and
deintercalates lithium ions. The positive active material may
include a composite oxide including lithium and at least one
element selected from cobalt, manganese, and nickel. Non-
limiting examples of suitable lithium-containing compounds
include those represented by the following formulae.

Li A, ;X,D, (0.90sas1.8, 0sb<0.5),
Li,E, ;X,0,.D, (0.90sa<1.8, 0<b=0.5, 0=c<0.05),

Li E, ;X;D, (0.90sas1.8, 0sbs=0.5),
Li B, ,X,0,. D, (0.90<a<1.8, 0=b=0.5, 0=c<0.05),

Li Ni; 5 CoX D, (0.90=a=<1.8, 0=b=0.5, 0=c=0.05,
0<a=2),

LiNi;_5 .C0,X 05T, (0.90=a<1.8, 0=<b=0.5,
0=c=0.05, 0<a<2),

LiNi;_5 .C0,X .05 ,T5 (0.90<a<1.8, 0=b=0.5,
0=c=0.05, 0<a<2),

Li,Ni; 5 Mn,C.D, (0.90=a<1.8, O=b=0.5, 0=c=<0.05,
0<a=2),

Li,Ni; , Mn,X 0, T, (0.90=a<1.8, 0=b=0.5,
0=c=0.05, 0<a<2),

Li,Ni; , Mn,X 0, T, (0.90=a=<1.8, 0<b=0.5,
0=c=0.05, 0<a<2),

Li, Ni,E,G,0, (0.90sas1.8, 0<b=0.9, 0=cs0.5,
0.001=d=0.1),

Li,Ni;CoMn,G,O, (0.90=ax<1.8, 0=b=0.9, 0=c=0.5,
0=d=0.5, 0.001=e=0.1),

Li,NiG,0, (0.90=a<1.8, 0.001b=0.1),
Li,CoG,0, (0.90sa<1.8, 0.001sb<0.1),
Li_MnG,0, (0.90=a<1.8, 0.001sb=0.1),
Li Mn,G,0, (0.90<as1.8, 0.001sb=0.1),
QOy,

QS,,

LiQS,,

V,0s, LiV,0s,

LilO,,

LiNiVO,,

Ligs_5J2(PO4)(0=fs2),
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Ligs_5Fex(PO,)3(0sf=2), and

LiFePO,.

In the above formulae, A is selected from Ni, Co, Mn, and
combinations thereof. X is selected from Al, Ni, Co, Mn, Cr,
Fe, Mg, Sr, V, rare earth elements, and combinations thereof.
D is selected from O, F, S, P, and combinations thereof. E is
selected from Co, Mn, and combinations thereof. T is selected
from F, S, P, and combinations thereof. G is selected from Al,
Cr, Mn, Fe, Mg, La, Ce, Sr, V, and combinations thereof. Q is
selected from Ti, Mo, Mn, and combinations thereof. I is
selected from Cr, V, Fe, Sc, Y, and a combinations thereof. J is
selected from the group consisting of V, Cr, Mn, Co, Ni, Cu,
and combinations thereof.

The lithium-containing compound may have a coating
layer on the surface, or may be mixed with another compound
having a coating layer. The coating layer may include at least
one coating element compound selected from oxides of a
coating element, hydroxides of a coating element, oxyhy-
droxides of a coating element, oxycarbonates of a coating
element, and hydroxycarbonates of a coating element. The
compound for the coating layer may be amorphous or crys-
talline. The coating element included in the coating layer may
include Mg, Al, Co, K, Na, Ca, Si, T1, V, Sn, Ge, Ga, B, As, Zr,
or a mixture thereof. The coating layer may be applied by any
method so long as it does not adversely influence the proper-
ties of the positive active material. For example, the method
may include any coating method such as spray coating, dip-
ping, and the like, which are well-known to those ordinarily
skilled in the related field.

The positive active material layer also includes a binder
and optionally further includes a conductive material. The
binder improves the binding of the positive active material
particles to one another and also the binding of the positive
active material with the current collector. Nonlimiting
examples of the binder include polyvinyl alcohol, carboxym-
ethyl cellulose, hydroxypropy! cellulose, diacetyl cellulose,
polyvinyl chloride, carboxylated polyvinyl chloride, polyvi-
nylfluoride, ethylene oxide-containing polymers, polyvi-
nylpyrrolidone, polyurethane, polytetrafluoroethylene, poly-
vinylidene fluoride, polyethylene, polypropylene, styrene-
butadiene rubbers, acrylated styrene-butadiene rubbers,
epoxy resins, nylon, and the like.

The conductive material is included to attribute conductiv-
ity to the electrode. It may include any electrically conductive
material, so long as it does not cause a chemical change.
Nonlimiting examples of the conductive material include car-
bon-based materials (such as natural graphite, artificial
graphite, carbon black, acetylene black, ketjen black, carbon
fibers, and the like), metal-based materials (such as metal
powders, metal fibers, and the like, including, e.g., copper,
nickel, aluminum, silver, and the like), conductive polymers
(such as polyphenylene derivatives), and mixtures thereof.

The current collector may be aluminum (Al) but is not
limited thereto.

The negative electrode and positive electrode may be
obtained by mixing the active material, a conductive material
and a binder in a solvent to prepare an active material com-
position, and coating the active material composition on a
current collector. The electrode-manufacturing method is
well known. The solvent may include N-methylpyrrolidone
or the like, but is not limited thereto.

The lithium ion battery may further include a separator
between the negative electrode and the positive electrode, as
needed. Nonlimiting examples of suitable separator materials
include polyethylene, polypropylene, polyvinylidene fluo-
ride, and multi-layers thereof (such as polyethylene/polypro-
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pylene double-layered separators, polyethylene/polypropy-
lene/polyethylene triple-layered separators, and
polypropylene/polyethylene/polypropylene  triple-layered
separators).

The following examples are presented for illustrative pur-
poses only, and do not limit the scope of the present invention.
Preparation of an Electrolyte

Example 1

A solvent was prepared by uniformly mixing 30 volume %
of  N-methylperfluoropropyl piperidinium  bis(trifluo-
romethanesulfonyl)imide (MPPpTFSI) as an ionic liquid
including a fluorinated cation, 10 volume % of trimethyl
phosphate (TMP) as a phosphorus-based solvent, and 60 vol-
ume % of dimethyl carbonate (DMC) as a carbonate-based
solvent. Then, LiPF4 was dissolved in the solvent at 1.0 M
concentration, thus preparing an electrolyte.

Comparative Example 1

A solvent was prepared by mixing 70 volume % of dim-
ethyl carbonate as a linear carbonate-based solvent and 30
volume % of ethylene carbonate (EC) as a cyclic carbonate-
based solvent. Then, LiPF, was dissolved in the solvent at 1.0
M concentration, thus preparing an electrolyte.

Flame Retardancy Experiment

The electrolytes according to Example 1 and Comparative
Example 1 were examined for flame retardancy according to
a UL94 method. The results are provided in FIGS. 2 and 3.

AsshowninFIG. 2, a4 cmx1 cm glass fiber prepared using
the electrolyte according to Example 1 had no flame at all. In
contrast, FIG. 3 shows that a 4 cmx1 cm glass fiber prepared
using the electrolyte solution according to Comparative
Example 1 was easily flamed.

Fabrication of Lithium Ion Battery Cell

An artificial graphite negative active material was mixed
with a polyvinylidene fluoride (PVdF) binder in a weight ratio
of'about 94:6 in N-methylpyrrolidone (NMP), thus preparing
a negative active material slurry. The negative active material
slurry was coated on a copper foil current collector. The
coated current collector was dried and compressed, thus fab-
ricating a negative electrode.

A LiCoO, positive active material, a polyvinylidene fluo-
ride binder, and a carbon black (super-P) conductive material
were mixed in a weight ratio of 96:2:2 in N-methylpyrroli-
done to prepare a positive active material slurry. This positive
active material slurry was coated on an aluminum foil current
collector. The coated current collector was dried and com-
pressed, thus fabricating a positive electrode.

The negative and positive electrodes were spiral-wound
with a polyethylene separator and compressed. The resulting
assembly was put in a coin-type battery cell (2032 cell; a coin
full cell) case. Each electrolyte according to Example 1 and
Comparative Example 1 was injected into a case, thereby
fabricating a lithium ion battery cell with an electrolyte
according to Example 1 and a lithium ion battery cell with an
electrolyte according to Comparative Example 1.

Thermal Stability Evaluation: Experiment of Being Allowed
to stand at High Temperature

The lithium ion battery cells according to Example 1 and
Comparative Example 1 were tested by being allowed to
stand at a high temperature. The results are provided in Table
1 below. The test was performed by allowing the lithium ion
battery cells according to Example 1 and Comparative
Example 1 to stand at 60° C. for 7 days in a state of full-charge
at 1C.
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As reported herein, the retention value is the ratio of the
capacity of the cell after being allowed to stand for 7 days to
the capacity before being allowed to stand (reported as a
percentage). The recovery value is the ratio of the initial
charge of'the cell to the charge after being recharged (reported
as a percentage).

TABLE 1
Comparative
Example 1 Example 1
Retention (%) 90 85
Recovery (%) 92 87
AOCV 4.1 4.07

Referring to Table 1, the lithium ion battery cell including
the electrolyte solution according to Example 1 had improved
retention, recovery, and AOCV compared with the lithium ion
battery cell including the electrolyte solution according to
Comparative Example 1.

While this disclosure has been described in connection
with certain exemplary embodiments, those of ordinary skill
in the art understand that various modifications and changes
to the described embodiments may be made without depart-
ing from the spirit and scope of the present invention, as
described in the appended claims.

What is claimed is:
1. An electrolyte for a lithium ion battery comprising:
a lithium salt; and
a non-aqueous organic solvent comprising:
a linear carbonate-based solvent; and
a flame-retardant solvent comprising an ionic liquid
comprising:
a phosphate-based solvent;
an anion selected from the group consisting of anions
represented by Chemical Formulae 9 to 14, and
combinations thereof:

Chemical Formula 9

(¢] (¢]
[l |
F—C—S—N—S—C—F
|l |
(0] (0]
Chemical Formula 10
F F F
[ 1|
F—C—C—S—N—S—C—C—F
L1 |
(0] F F
Chemical Formula 11
F\IL/F
| > F
F
Chemical Formula 12
F
|
F—]|3'—F
F

Chemical Formula 13
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-continued
Chemical Formula 14

@]
AN
P
O/ F, and

a fluorinated cation comprising a cation selected from
the group consisting of cations represented by
Chemical Formulae 2, 4, 6 and 8, and combinations
thereof,

Chemical Formula 2

()

N

/\
R; R4—O—Rs

wherein each of R; and Ry is independently
selected from the group consisting of fluorine-
substituted C1 to CS5 alkyl groups and unsubsti-
tuted C1 to C5 alkyl groups,

R, is a fluorine-substituted C1 to C5 alkylene group
or an unsubstituted C1 to CS5 alkylene group, and

at least one of R, or Ry is a group in which at least
one hydrogen is substituted with fluorine,

()

~
/ TRy—O—Ryg
Rg

Chemical Formula 4

wherein each of Ry and R,, is independently
selected from the group consisting of fluorine-
substituted C1 to CS5 alkyl groups and unsubsti-
tuted C1 to C5 alkyl groups,

R, is a fluorine-substituted C1 to C5 alkylene group
or an unsubstituted C1 to CS5 alkylene group, and

at least one of R, or R , is a group in which at least
one hydrogen is substituted with fluorine,

Chemical Formula 6

wherein each of R 5 to R, and R, is indepen-
dently selected from the group consisting of
fluorine-substituted C1 to C5 alkyl groups and
unsubstituted C1 to C5 alkyl groups,

R,s is a fluorine-substituted C1 to C5 alkylene
group or an unsubstituted C1 to C5 alkylene
group, and

atleastone of R, or R, 5 is a group in which at least
one hydrogen is substituted with fluorine,
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Chemical Formula 8
N NT
~
Rzz/ \/ Rpz—O0—Ry

wherein each of R,, and R,, is independently
selected from the group consisting of fluorine-
substituted C1 to CS5 alkyl groups and unsubsti-
tuted C1 to C5 alkyl groups,

R,; is a fluorine-substituted C1 to C5 alkylene
group or an unsubstituted C1 to C5 alkylene
group, and

at least one of R,, or R, is a group in which at least
one hydrogen is substituted with fluorine.

2. The electrolyte for a lithium ion battery of claim 1,
wherein the phosphate-based compound comprises a com-
pound selected from the group consisting of trimethyl phos-
phate (TMP), triethyl phosphate (TEP), tripropylphosphate
(TPP), tricresyl phosphate (TCP), trixylenyl phosphate
(TXP), and combinations thereof.

3. The electrolyte for a lithium ion battery of claim 1,
wherein the linear carbonate-based solvent comprises a sol-
vent selected from the group consisting of dimethyl carbonate
(DMCQ), diethyl carbonate (DEC), dipropyl carbonate (DPC),
methylethyl carbonate (MEC), methylpropyl carbonate
(MPC), ethylpropyl carbonate (EPC), and combinations
thereof.

4. The electrolyte for a lithium ion battery of claim 1,
wherein the non-aqueous organic solvent comprises:

about 20 volume % to about 50 volume % of the flame-

retardant solvent; and

about 50 volume % to about 80 volume % of the linear

carbonate-based solvent.

5. The electrolyte for a lithium ion battery of claim 1,
wherein the non-aqueous organic solvent comprises

about 20 volume % to about 50 volume % of the flame-

retardant solvent;

about 60 volume % to about 75 volume % of the linear

carbonate-based solvent; and

further comprising about 5 volume % to about 10 volume

% of a fluorinated cyclic carbonate-based solvent.
6. A lithium ion battery comprising:
an electrolyte comprising:
a lithium salt, and
a non-aqueous organic solvent comprising:
a linear carbonate-based solvent; and
a flame-retardant solvent comprising an ionic liquid
comprising:

a phosphate-based solvent,

an anion selected from the group consisting of
anions represented by Chemical Formulae 9 to
14, and combinations thereof:

Chemical Formula 9
F O O F
|l |
F—C—S—N—§—C—F
|l |
F O O F
Chemical Formula 10

F F O O F F

F—C—C—S—N—8—C—C—F

F F O O F F
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-continued
Chemical Formula 11

F I|)_ _F
7| > F
F
Chemical Formula 12
F
F— ]|3— F
F
Chemical Formula 13
O, 0 0 (0]
\/
B!
/' \
o) o 0 o)
Chemical Formula 14
0 0
\__F
B
O/ F, and
o

a fluorinated cation comprising a cation selected
from the group consisting of cations represented
by Chemical Formulae 2 to 8, 2, 4, 6 and 8, and
combinations thereof:

()

NI
~
—O0—R.
R{ R4 5

Chemical Formula 2

wherein each of R; and R, is independently
selected from the group consisting of fluorine-
substituted C1 to CS5 alkyl groups and unsubsti-
tuted C1 to C5 alkyl groups,

R, is a fluorine-substituted C1 to C5 alkylene group
or an unsubstituted C1 to CS5 alkylene group, and

at least one of R, or Ry is a group in which at least
one hydrogen is substituted with fluorine,

Chemical Formula 4

4

< SRy—0—Ry

wherein each of Ry and R,, is independently
selected from the group consisting of fluorine-
substituted C1 to CS5 alkyl groups and unsubsti-
tuted C1 to C5 alkyl groups,

10

15

20

25

30

35

40

45

50

55

18

R, is a fluorine-substituted C1 to CS5 alkylene group
or an unsubstituted C1 to CS5 alkylene group, and

at least one of R, or R, is a group in which at least
one hydrogen is substituted with fluorine,

Chemical Formula 6

wherein each of R, to R, and R, is indepen-
dently selected from the group consisting of
fluorine-substituted C1 to C5 alkyl groups and
unsubstituted C1 to CS5 alkyl groups,

R,s is a fluorine-substituted C1 to C5 alkylene
group or an unsubstituted C1 to C5 alkylene
group, and

at least one of R, ; or R, is independently a group
in which at least one hydrogen is substituted with
fluorine, and

Chemical Formula 8
/N % N+\
Ryy A Ryz—O0—Ry

wherein each of R,, and R,, is independently
selected from the group consisting of fluorine-
substituted C1 to CS5 alkyl groups and unsubsti-
tuted C1 to C5 alkyl groups,

R,; is a fluorine-substituted C1 to C5 alkylene
group or an unsubstituted C1 to C5 alkylene
group, and

at least one of R, or R, is a group in which at least
one hydrogen is substituted with fluorine;

a positive electrode comprising a positive active material
that reversibly intercalates/deintercalates lithium ions;
and

a negative electrode comprising a negative active material
that reversibly intercalates/deintercalates lithium ions.

7. The lithium ion battery of claim 6, wherein the phos-

phate-based compound comprises a compound selected from
the group consisting of trimethyl phosphate (TMP), triethyl
phosphate (TEP), tripropylphosphate (TPP), tricresyl phos-
phate (TCP), trixylenyl phosphate (TXP), and combinations
thereof.

8. The lithium ion battery of claim 6, wherein the non-

aqueous organic solvent comprises:

about 20 volume % to about 50 volume % of the flame-
retardant solvent; and

about 50 volume % to about 80 volume % of the linear
carbonate-based solvent.
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